It has long been recognized that the red blood count may be abnormally high in eclampsia (1). Dieckmann (2) believed that the elevation of hematocrit was consequent upon a diminution in plasma volume, but this concept has not received general recognition.
In contrast to the elevation of hematocrit Strauss (3) and others (4, 5) stressed the low plasma albumin concentration which they believed to play a part in the oliguria, water retention and edema. If the plasma volume is indeed low, as claimed by Dieckmann, the combination of a low plasma volume and low plasma protein concentration would result in a marked deficiency of total circulating protein. Many of the clinical features of severe toxemia such as the edema, albuminuria and oliguria suggest that this may well be the case. With these considerations in mind we undertook to investigate the changes in plasma volume, total circulating protein and "available fluid" (thiocyanate space) associated with preeclampsia and eclampsia as compared to normal pregnancy.
MATERIALS AND METHODS
The patients with toxemia were studied under as nearly basal conditions as possible on the wards of the obstetrical service of the Massachusetts Memorial Hospitals. All of these patients were diagnosed clinically as having eclampsia or preeclampsia. In every case the pathological manifestations began in the last trimester of pregnancy. All cases diagnosed as having preeclampsia exhibited hypertension, edema and albuminuria. Cases of preeclampsia were called severe when in addition they exhibited oliguria, visual disturbances and/or epigastric pain.
Two control groups were used in this study. In all cases the subjects of both control groups were fasting at the time of the examination, and were resting in the supine position for at least one-half hour prior to the test.
Plasma volume and "available fluid" determinations were carried out with the dye T-1824 and a 5 per cent solution of sodium thiocyanate, respectively, as detailed in a previous communication (6) . The "available fluid" volume as measured by this method includes all of the fluid spaces to which thiocyanate is distributed at equilibrium, including the plasma volume as well as the amount that enters the red blood cells. In the pregnant individual thiocyanate in all probability passes the placental membrane, but this fact does not nullify comparative studies between toxemic and normal pregnancy in the same stage of gestation. Total protein was determined from the plasma specific gravity by the method of Barbour and Hamilton (7) , as modified by Weech (8) .
RESULTS
"Available fluid' The "available fluid" volume was highest in the severe preeclamptic and eclamptic group of patients, the mean being 321 ml. per kilo body weight and the range 291 to 355 ml. per kilo (Table I) (Table II and  III) . Thus, in general, the greatest volumes of "available fluid" were encountered in the toxemic patients and the smallest volumes in the nonpregnant individuals, although there was considerable overlapping between the toxemic group and the group with normal pregnancy. The "available fluid" volume was well correlated with the degree of edema. 283 Plasma volume kilo body weight with a mean of 44.8 ml. per kilo The plasma volume determinations for the six (Table II) . The plasma volume levels for the normal nonpregnant females agreed well with normal pregnancy control group were much higher those of other investigators for a similar group than the nonpregnant controls, the mean being (9, 10), the range being 38.3 ml. to 54.3 ml. per 59.1 ml. per kilo and the range 47.0 to 70.5 ml. per Figure  1 ). The plasma volume in respect to height or surface area still showed overlapping of the varidus groups.
However, when the plasma volume was considered in relation to the total extracellular fluid (Figure 2) . In normal pregnancy an increase in "available fluid" volume was balanced by a commensurate increase in plasma volume; the ratio of "available fluid" volume to plasma volume remained the same or was lower than the normal nonpregnant state. But in severe toxemia the relationship was no longer normal due to a failure of plasma volume to keep pace with the increasing extracellular fluid space. The distinguishing criteria of severe toxemia, therefore, lay in the ratio between the comparative volumes of the plasma and the total extracellular fluid, as measured by thiocyanate. When the total circulating protein values were plotted in terms of body weight, as in the case of plasma volume, there was some overlapping of individual cases between the toxemic patients and the patients with normal pregnancy ( Figure  3 ). However, as in the case of plasma volume, a clear distinction between the two groups became apparent in the relationship between total circulating protein and "thiocyanate space" (Figure 4 ).
Mild preeclampsia
The cases classified on clinical grounds as mild preeclampsia did not demonstrate the abovementioned changes to such a striking degree (Table IV) . These patients manifested edema, hypertension and albuminuria, but did not have the oliguria, headaches, visual scotomata or epigastric pain associated with the more severe forms.
They belonged to the category designated as preeclampsia, grade I. The mean plasma volume for these four cases was 55.8 ml. per kilo, the average total circulating protein was 3.0 gms. per kilo and 286 1. In normal pregnancy when edema occurs interstitial fluid pressure rises. This rise upsets the balance between filtration and osmotic pressure so that water and crystalloids move into the plasma, and plasma dilution takes place. However, in normal pregnancy there is, apparently, a response on the part of the organism to add excess protein to the circulation. It will be noted in Figure 4 that those cases of normal pregnancy with the largest "available fluid" volumes also showed the greatest increases in total circulating protein. By the addition of this excess protein plasma oncotic pressure is maintained. As a result despite the edema the relationship of plasma to "available fluid" volume remains approximately the same as in the normal nonpregnant state. In contrast to the edematous patient with normal pregnancy, the severely preeclamptic or eclamptic patient who develops edema is apparently unable to maintain the needed excess of circulating protein (Figure 4) . Because of this failure, as plasma dilution occurs, plasma protein concentration, and hence, plasma oncotic pressure fall. Strauss has shown this fall in plasma oncotic pressure in preeclamptic and eclamptic patients by actual measurement (3) . The result is a relative decrease in plasma volume and a deviation from the normal in the relationship between "available fluid" volume and plasma volume (Figure 2 ).
The observed abnormalities in fluid volume relationships in late toxemia are in all probability the result rather than the cause of the disease. Nevertheless, it is possible that these alterations may play an important role in certain of its more serious manifestations, such as the oliguria, the cerebral edema (12, 13, 14) and the occasional termination in vascular collapse (15) .
The results of this investigation have delineated two groups of preeclamptic patients: the severe cases who have headaches, visual scotomata, epigastric pain, oliguria, a diminution in plasma volume, total circulating protein, edema, and an elevation of the available fluid" ratio. Cases in plasma volume the second group exhibit edema, albuminuria and hypertension, but have only mild symptoms referable to the central nervous system and do not tend to develop oliguria. Cases in this latter group may show normal or only slightly abnormal patterns of fluid distribution. These observations are in exact agreement with those of Dieckmann (2) .
Additional evidence for the separation of preeclamptic patients into two groups is provided by Boyd (16) . He observed that in some of these patients the blood lipid partition pattern was characteristic of eclampsia, while in others the distribution of blood lipids was similar to that observed in normal pregnancy. Boyd suggested that the cases of preeclampsia with an abnormal blood lipid partition are in reality eclampsia without convulsions, while the remaining cases with normal blood lipids are not literally preeclamptic at all. Our observations lend support to the hypothesis that severe preeclampsia and eclampsia are the same disease while many cases of mild preeclampsia belong in a different category. However, because of the relatively small number of cases we have studied and the difficulty in the clinical differentiation between mild and severe preeclampsia these results are to be regarded as suggestive rather than conclusive.
Although it is well recognized that eclampsia may occur in the well-nourished, it is of interest that all of the patients with severe preeclampsia and eclampsia gave histories of poor protein intake. This observation is in agreement with that of Strauss (3) and others (5, 17, 18) . The importance of an adequate protein intake in the prophylaxis of the eclamptic toxemias of pregnancy would appear to merit further investigation.
SUMMARY AND CONCLUSIONS 1. Changes in plasma volume, total circulating protein and "available fluid" volume were followed in 4 cases of mild preeclampsia, 3 cases of severe preeclampsia and 2 cases of eclampsia; and were compared to the changes observed in 7 cases of normal pregnancy and 6 normal nonpregnant females.
2. The cases of severe preeclampsia and eclampsia revealed an abnormal reduction in plasma volume, and total circulating protein, in respect to "available fluid" volume.
3. Cases classified clinically as mild preeclampsia were made up of a heterogeneous group, some of which showed slight changes in fluid and protein distribution characteristic of eclampsia, others exhibiting changes typical of normal pregnancy.
4. It is suggested on the basis of the admittedly small series of cases that severe preeclampsia and eclampsia are characterized by an abnormal fluid distribution in which a deficiency of total circulating protein may play an important role.
